Observations on D iscoglossus p ictu s Otth
By H . M. B r u c e a n d A. S. P a r k e s , F.R.S. National Institute for Medical Research, Hamjpstead, N.W. 3 W i t h a n o t e b y L . A. L a n t z (.Received 20 March 1946) [P la te s 1-2] Discoglossus p ictu s spaw n s sp o n ta n e o u sly a t in te rv a ls d u rin g th e su m m e r u n d e r la b o ra to ry co nditions. D u rin g th e w in te r o v ip o sit io n a n d p a irin g c a n b e in d u c e d b y th e in je c tio n o f chorionic g o n ad o tro p h in .
T he h a tc h in g ra te is good a n d th e re is a low m o rta lity a m o n g th e ta d p o le s. M etam o rp h o sis occurs c o m p a ra tiv e ly e a rly a n d re g u la rly , m a in ly d u rin g th e fifth a n d six th w eeks a fte r h a tc h in g .
T h e y o u n g to a d s e a t sm all flies av id ly . U n d e r la b o ra to ry co n d itio n s, how ever, th e y lose co n d itio n in a m o n th or tw o a n d u ltim a te ly die, a p p a re n tly fro m som e deficiency disease.
A d u lt to a d s are easily m a in ta in e d on w orm s, slugs, n ew b o rn m ice, etc. T he ta d p o le s th riv e w ell on raw liv er or d ried liv er pow der.
T he re g u la rity w ith w hich m e ta m o rp h o sis ta k e s p lace m ak es Discoglossus ta d p o le s ideal m a te ria l for th e d e m o n s tra tio n o f th e a n ti-th y ro id a c tiv ity o f th io u re a a n d re la te d su b stan ces.
H . M. Bruce and A. S. Parkes I n t r o d u c t i o n
Discoglossus pictus Otth, a toad of the family Discoglossidae, is widely di in south-west France, Spain, North Africa, and most of the islands of the western Mediterranean. Two subspecies, D. pictus pictus an described, the former restricted to the mainland, and the latter to the islands, but the differentiation which depends on shape of snout and texture of skin is rather uncertain. The toad occurs in two colour forms, striped and spotted, of which only the latter is found in D. pictus sardus. The morphology and natu species was described in some detail by Boulenger (1897) , who states that in Algeria the pairing season lasts from January to October, during which period several lots of spawn may be deposited. Boulenger, among a wealth of other details about the reproductive processes, calls attention to the enormous size of the spermatozoon in this species, and to the rapidity and regularity with which the tadpoles undergo metamorphosis. The morphology of the spermatozoa was after wards described in detail by Ballowitz (1903-4) . Subsequently, this interesting species, though much used by the experimental embryologist (see Dalcq 1938), seems to have been somewhat neglected by students of other aspects of the physiology of reproduction. In 1944, however, Kehl gave a detailed description of the histology of the reproductive organs and of the changes occurring therein during the normal cycle and after castration, starvation, and treatment with sex hormones. According to Kehl, well-fed females in captivity (in Algeria) can lay eggs at any time of year. Underfed females do not lay eggs spontaneously, but will do so when injected with gonadotrophic preparations.
At the time when Kehl's paper appeared, work on Xenopus (Deanesly & Parkes 1945) had shown the great advantages for work on tadpoles of using a species which can be bred as a laboratory animal at any time of year, and it seemed that a study should be made of the laboratory potentialities of Discoglossus. Through the inter mediation of Mr R. Maxwell Savage we established contact with Mr L. A. Lantz of Manchester, who supplied us with a pair of adults. According to Mr Lantz, the breeding season in captivity in this country extends from April to October. He had experienced no difficulty in obtaining large numbers of tadpoles and newly metamorphosed toads, but had not succeeded in rearing young toads under labora tory conditions. The pair given to us were from a mating in captivity, but had grown up free in a garden and had been recovered when adult, the male in 1941 and the female in 1944. They were thought to be hybrids between striped pictus and spotted sardus.
C a r e a n d b r e e d i n g o e a d u l t s Maintenance of adults. Discoglossus, unlike Xenopus, does not feed readily on dead meat, and the provision of live meat of suitable size is the chief problem of their maintenance in the animal house. Worms, snails, insects, etc., are accepted, but under laboratory conditions, new-born mice, as suggested by Mr Lantz, have been found most suitable. These are taken very readily, and the pair of toads have eaten 3-4 young mice a week between them for over a year, and have kept in excellent condition in spite of frequent oviposition. Where this form of food is available there is no apparent reason to consider any other method of feeding.
Discoglossus also differs from Xenopus i n being truly am kept in a combination of aquarium and terrarium. In practice an aquarium con taining about 4 in. of water with a platform supported above the water on bricks, and covering about one-half of the area of the tank, seems to be quite adequate. The platform should be used for feeding, and should carry pieces of hollow stones or bricks under which the toads can retire. Discoglossus adults are extremely agile, and a cover is required unless the tank is very tall. The water should be changed about once a week.
Reproductive cycle of the adult. The pair of Discoglossus received on 11 October spawned spontaneously on 15 October. According to Mr Lantz this was unusually late, but an excellent batch of tadpoles was produced. No further spontaneous oviposition took place until 4-5 March. There was then a 7-week interval followed by five successive spawnings at intervals of less than 3 weeks. No spontaneous spawning took place in this season after 8-9 July. Details of these spawnings, which usually took place at night, are given in table 1. Three of the clutches con tained more than a thousand eggs, and from reports in the literature must be con sidered of good size. It is perhaps significant that there was a continuous decrease in the number of eggs laid spontaneously at a time. The eggs are laid singly, are 1-1-5 mm. in diameter (Boulenger), and have a substantial gelatinous covering. There has been a high degree of fertility. Induced oviposition. On 31 January and on 15 September, 108 days and 68 days respectively after the previous spontaneous spawnings, the toads were injected with gonadotrophin in the hope of inducing oviposition. The female was given 200 i.u. chorionic gonadotrophin and the male 100 i.u. into the dorsal lymph sac; the treatment was successful on both occasions. Injection was made in the after noon, and eggs were deposited during the following night. In January a large clutch of about two thousand eggs was obtained, but fertility was lower than with the spontaneous spawnings. In September the clutch was only about one-half as large, but fertility was slightly better-surprisingly good in view of the fact that the male, from the condition of his thumb pads, seemed to be in anoestrus. The treat ment was without obvious adverse effect on the toads, except that on the first occasion the male became somewhat oedematous for a few days afterwards.
The dosage used was similar to that required by and we have as yet made no attempt to find out minimal and optimal doses, or whether the injection of the male as well as of the female is essential. It is already clear, however, that Discoglossus, if well fed and housed, will produce eggs all the year round, either spontaneously or artificially. Probably the exact day of spawning during the season of spontaneous breeding could be arranged by low-level injections. It appears, therefore, that a second anuran species can be relied upon to give tadpoles all the year round without recourse to artificial insemination. H a t c h i n g a n d r e a r i n g o f t a d p o l e s
Hatching. The eggs of Discoglossus are much darker than those of Xenopus and cleavage is more difficult to see under binoculars. However, the infertile egg, as in Xenopus, is soon distinguishable by the whitish appearance which results from the shrinkage of the animal pole. At about 20° C the egg begins to elongate in about 2 days, and the larvae hatch out on the third day. They remain suspended for about another 2 days and become free-swimming on the fifth day. When the first lot of eggs were produced we had no experience of handling them or of rearing the tadpoles, and an extensive experiment was carried out. The eggs were removed from the tank and put into a large Petri dish in about 2 in. of water. When the larvae hatched they were mostly pipetted out into clean water, a few being left in the hatching water in case the clean water proved unsuitable. Those left in the turbid water soon died and accounted for most of the mortality up to 5 days; the others thrived well.* At 5 days after oviposition the balance sheet was: Rearing. A rearing experiment was then started in which three different types of food and four different types of container were compared: food (1) dried grass m eal (2) dried liver pow der (3) fresh r a t liver sliced container (about 2 1. capacity)
large P e tri dish goldfish bowl filtrate ja r stone ja r * T his o b serv atio n is n o t necessarily d isco rd an t w ith th a t recorded b y Mr L a n tz in th e note a p p e n d e d to th is p ap er. W e w ere observing a large n u m ber of eggs in a sm all am o u n t of w ater w hich ra p id ly becam e v ery foul. W ith our p resen t technique of allowing th e larv ae to h atch in th e p a r e n t's large ta n k we h av e h a d no tro u b le w ith fouling of th e w ater w ith egg rem ains, th o u g h , equally, we h av e n o t observed an y beneficial effect of egg pro d u cts on th e tadpoles.
A total of approximately 280 tadpoles were put on each of the three diets at a den sity of ten tadpoles per litre. It soon became evident that the Discoglossus tadpoles, like those of Rana temporaria, foul the water quickly, and that change 3 days would be required. At the start fresh water was treated with liver powder before being used, as was found necessary for Xenopus tadpoles. This precaution, however, proved superfluous for Discoglossus and was abandoned. Adjustment of the temperature of the fresh water also seemed unnecessary as the tadpoles appeared able to withstand the difference in temperature-generally about 5° C-between jars and tap water. Food was given every day, and was unlimited. Temperature varied from 17 to 20° C according to the position of the vessel on the bench. Light varied from dim, in the stone jars, to bright in the glass vessels standing directly in front of a south window. The containers were so arranged that the three groups of tadpoles receiving the different diets were subjected about equally to the other environmental variables. Some of the Petri dishes were arranged so that half the background was dark and half light. The feeding experiment was carried on for 12 days; at the end of this time the tadpoles, then 17 days old, were more than half-grown. During the 12-day period, mortality amounted to less than 20 %, most of which occurred in the first few days. Mortality and average total length at 17 days according to diet and type of con tainer are shown in table 2. It will be seen that the tadpoles fed on dried grass meal had a lower mortality than those given the other diets, probably because the dried grass meal fouled the water less than the meat diets. The type of container had no clear effect on growth or mortality. This finding is of interest in view of the very different results obtained with Xenopus tadpoles (Deanesly & Parkes 1945) . The lack of difference between the tadpoles kept in the dark stone jars and in the light glass vessels was surprising. No tendency was observed for the tadpoles to choose or avoid the lighter background in the Petri dishes divided into light and dark halves. Effect of the diet on growth was quite clear. The dried grass meal gave growth much inferior to that obtained with the other two diets, of which the dried liver powder was slightly the better.
The dried liver powder, however, had the disadvantage that some always re mained floating on the surface, and a few of the larger tadpoles died from swallowing air while gulping at the powder. For this reason, rearing was continued on fresh rat liver. Variability was much the same for all foods.
Twelve tadpoles which were recovered from the adults' tank and had therefore had a very limited food supply, were all from 12 to 15 mm. in length at 17 days. With subsequent plentiful food supply these gave good growth and 10-12 meta morphosed into good toads.
After 17 days, two tanks (150 tadpoles in each) were set up, one at 20° C away from direct light, and the other at 14-16° C on a window bench. The remaining tadpoles were kept in jars at 16-18° C. The water was changed daily in the tanks and about every other day in the jars. As the tadpoles became larger it was necessary to change the water in the jars daily. Food supply was ample throughout, but intake fell sharply just before metamorphosis.
In all tadpole batches there is a small proportion, about 10%, of stunted indi viduals which fail to thrive, whatever the conditions. Some survive in the stunted state for relatively long periods, but most of them die off and, being eaten by the more vigorous tadpoles, disappear from record. In assessing the rate of meta morphosis in the different groups those few individuals which disappeared have been ignored.
Measurements made just before metamorphosis showed that the tadpoles attained an average length of about 40 mm.
The conclusions drawn from these experiments on the first batch of tadpoles have been amply confirmed by subsequent experience. Our present technique is to allow the eggs to hatch in the adults' tank so as to avoid any handling. In the free-swimming stage, the larvae are pipetted out of the tank into large Petri dish-type containers, having about 3 in. of water, at a density of about ten per litre. They are fed on dried liver powder and later on small pieces of raw liver.
Treatment with mercurochrome. An experiment was carried out on the effect of mercurochrome on tadpole growth, in case it ever became necessary to use this substance for the control of parasitic fungus. The precaution was soon justified, as the second batch of tadpoles was heavily attacked. Three different concentrations were tried out on 9-day-old tadpoles:
1/ 100,000 Eight of the ten tadpoles died within 4 days of a 24 hr. treatment. 1/200,000 The tadpoles became oedematous during a 48 hr. treatment, but most of them survived on removal to fresh water. 1/400,000 All tadpoles survived continuous or intermittent treatment at this con centration, and all completed metamorphosis.
Measurements made of the tadpoles at 18 and at 35 days old showed that a single treatment with 1/400,000 mercurochrome had no effect on growth or on time of metamorphosis, but that four successive treatments were slightly inhibitory. The two higher concentrations retarded very definitely the growth of those that survived, though metamorphosis still came within the time range for untreated tadpoles kept under similar conditions. The results indicated that 1/400,000 mercurochrome could safely be used on Discoglossus tadpoles, which concentration is effective in preventing fungus disease from developing seriously.
Observations on
Sequence of metamorphic changes. Under good conditions the hind legs b appear on the larger tadpoles at about 3 weeks old; the front leg buds can be seen a few days later. Eruption of the front legs, as in other species of Anura, takes place fairly suddenly and constitutes the one abrupt end-point in the metamorphic process. It is convenient, therefore, to date metamorphosis from this stage, although the process is, of course, far from complete. The resorption of the tail has only just begun at the time when the front legs erupt, and takes several days to com plete. Early in this process, if left in deep water, the young toads die, presumably from drowning, and it may be supposed that the lungs become functional when the front legs erupt. Our routine is to transfer the young toads, when the legs erupt, to a sloping dish containing a few millimetres of water at the deep end. The changes described above are extremely similar to those seen in Dana temporaria. In our stock of Discoglossus one of the more interesting metamorphic changes is the differentiation of the skin colour pattern. The small tadpoles are almost always a uniform black-brown; the spotted pattern can never, in our experience, be dis tinguished, and the striped one only rarely. As metamorphosis approaches the lighter striped animals can be distinguished, but it is only by the time the front legs erupt that the pattern can be distinguished with certainty.
Effect of environmental conditions on rate of metamorphosis. When the first batch of tadpoles was reared, observations were made on the effect of environmental conditions, different lots being kept: A, in a tank in a badly lit corner in a warm room, about 20° C; B, in jars on a moderately light bench at 18-20° C; C, in a tank in a window at 14-16° C. In group A the tadpoles metamorphosed at a younger age and more rapidly than the others, and the group as a whole was more regular than group B or C. Group B was somewhat better in all three respects than group C. The full data for the 142 tadpoles in group A, 174 in B and 120 in C are shown in figure 1 , from which the regularity of metamorphosis within the groups and the age of the animals at the eruption of the front legs can readily be seen. The speed of metamorphosis in the individual was best seen in the time taken to resorb the tail. This took 4-5 days only in group A, but some 14-17 days at the lower temperature.
From the point of view of the experimentalist the interesting thing about meta morphosis in Discoglossus is the comparative regularity of the process within a batch, as compared with Xenopus in which there is a considerable scatter and in which a large number of tadpoles die even after the initial stages or fail to metamorphose. In the experiment described above, nearly half of group A tadpoles had metamorphosed within 3 days of the first tadpole metamorphosing, and 94 % within 10 days; in groups B and C the peak was much less sharp. The first meta morphosis occurred in group A 29 days after oviposition, and in group C 6 days later.
The eight stragglers from group A, which had not metamorphosed within 38 days of oviposition, showed very poor development and were discarded. By contrast, the eleven stragglers from group C were well developed, and eventually meta morphosed into good toads. There were no stragglers from group B, other than those shown in figure 1. 20 group C d ays from spaw ning F ig u r e 1. T he ra te of ap p earan ce of th e fro n t legs of Discoglossus ta d p o le s: group A to ta l num ber 142 group B to ta l n um ber 174 group C to ta l n u m ber 120 T he v e rtic a l colum ns in d icate th e p ro p o rtio n of tadpoles m etam orphosing during th e 24 hr. com pleting th e d a y show n on th e h o rizo n tal scale.
The twelve tadpoles not included in the foregoing groups, which developed in the tank with the parent toads and had very little food for the first 3 weeks of life, did not start metamorphosis until 60 days after spawning, but ten of the twelve completed the process with 10 days.
Weight of young toads. Some of the toads from batch 1 tadpoles were weighed in groups on the completion of tail resorption. Ninety-one toads from group A had an average weight of 210 mg. each; eighty-four toads from groups B and C averaged 240 mg. each. The results suggest that slower development resulted in slightly larger toads, but the end-point at which the weights were taken is somewhat unreliable especially for the toads from groups B and C.
Ratio of striped to spotted toads. 481 toads successfully completed metamorphosis at the Institute from batch 1 tadpoles. Of these, 361 were striped and 120 were spotted, an unusually perfect Mendelian ratio.
Abnormalities. A few abnormal tadpoles were hatched from batch 1 eggs. Most of these survived only a few days. One, in which the tail was hooked round, reached metamorphosis with only one hind leg. The front legs emerged normally, but the young toad was very sluggish and finally died shortly before the tail had com pletely disappeared. A second abnormal tadpole, having a dropsical capsule, survived for 3 | months but showed no sign of limb development. A dropsical con dition of the lower jaw and tongue which often spread to the whole body giving it a swollen and transparent appearance, occurred sporadically among the toads metamorphosed from groups B and C tadpoles. The condition was not seen so early among the more rapidly metamorphosed toads from group A tadpoles. Fourteen cases were recorded in most of which the condition disappeared spon taneously.
C a r e o f y o u n g t o a d s
On the eruption of the front legs the metamorphosing tadpoles must be removed to a vessel which is dry at one end and has shallow water at the other. As the tails are absorbed the young toads leave the water and show a tendency to climb up the sides of the vessel. They do not eat until the absorption of the tail is almost completed, but when this stage is reached they show great eagerness for food. Unfortunately, unlike young Xenopus, they will not eat dead meat, and live meat of suitable size must be provided. Mosquitoes and Drosophila flies were eaten with avidity. They were not observed to eat mosquito larvae from the water, nor to take flies from the surface of shallow water. They do not show the tendency to climb which is so marked during the final stages of metamorphosis. According to Mr Lantz, freshly metamorphosed young toads are diurnal and wholly terrestrial. They gradually become nocturnal after the first hibernation, and semi-aquatic before or at sexual maturity, which is reached in two or three years.
When giving us the original pair, Mr Lantz had warned us that he had not been successful in rearing the young toads. 'The young in their first year do not prosper on D rosophila, Enchytraeus, or Aphis, although they take them willingly. They appear to grow normally at first, but after a few months almost invariably become soft-boned, especially in the jaws, and therefore incapable of seizing their prey. This condition was not cured by administering cod or halibut liver oil over long periods. So far, the only successful way of getting healthy adults has been to release a large number of young in the garden immediately after metamorphosis, and to recover the surviving ones one or two years later when half or full grown.' Our experience has been in exact confirmation of this prognostication, and an attempt to rear a batch of some 400 newly metamorphosed toads from batch 1 tadpoles ended in complete failure. At first the young toads appeared to thrive well on the small flies, mainly Drosophila, which could be provided. After 2 or 3 months, however, they ceased to grow in spite of eating quantities of flies, got into bad condition and began to die in large numbers. At this point the survivors were turned out into a garden, but none has so far been recovered, and their fate is unknown. The condition which develops in the young toads in captivity has the appearance of a deficiency disease. Mr Lantz's comment about soft bones and jaws is of considerable interest in view of the occurrence of osteoporosis in young Xenopus toads reared on liver in captivity. Mr Lantz's observation that cod-liver oil was without curative effect suggests that the lack of ossification in Discoglossus may have been due to calcium deficiency. This problem must be dealt with, since Discoglossus promises to be a most useful laboratory animal, but its value will be greatly decreased if it is impossible to rear young toads in captivity.
H. M. Bruce and A. S. Parkes L a b o r a t o r y u s e s o f D i s c o g l o s s u s
The information recorded above makes it possible to examine the comparative value of Discoglossus and Xenopus for laboratory work.
The disadvantages of Discoglossus so far revealed are:
(1) The greater difficulty of maintaining the adults.
(2) The occurrence of spontaneous oviposition during half the year.
(3) The difficulty of rearing the young toads. The advantages of Discoglossus:
(1) The hatching rate, in our experience, is much more constant than in Xenopus.
(2) Individual variation in tadpole growth and time of metamorphosis is much less than in Xenopus.
How far our experience is affected by having worked with a single pair of Discoglossus is uncertain, but at present it seems that this species would be much more suitable than Xenopus for any work affecting hatchability of eggs, rate of growth of tadpoles or time of metamorphosis.
In practice, Discoglossus tadpoles have proved to be excellent for the demonstra tion and assay of anti-thyroid activity. They are very inferior to Xenopus tadpoles for the assay of thyroid and analogous preparations.
Effect of dried thyroid. Several tests were carried out to see whether the current method of assaying thyroidal activity on tadpoles could in any way be improved by the use of Discoglossus tadpoles. The results were disappointing. Owing to the early onset of metamorphosis the tadpole is within 2 weeks of the change before it can be used, and there is little margin, especially as the controls develop faster if the temperature is increased to expedite the effect of the treatment. Younger tadpoles are comparatively refractory. The sequence of changes caused by the treatment is similar to that seen at metamorphosis; in fact, at the age at which the tadpoles respond readily, the reaction constitutes a genuine slightly premature metamorphosis. The front legs erupt quite quickly, and, as in the normal tadpole, make a satisfactory end-point to the reaction. Whether this would be so in the heavily dosed young tadpole or whether, as in young tadpoles under similar conditions, eruption of the front legs would be a somewhat indefinite affair is uncertain. The great disadvantage of Discoglossus for this reaction is the fact that the tadpole is almost certain to die soon after the eruption of the front legs if left in a depth of water previously suitable. This means that one tadpole may be dead before another has responded, unless a great deal of individual attention is given. The dose of dried thyroid, added to the medium, required to elicit premature metamorphosis is similar to that recorded by Deanesly, Emmett & Parkes (1945) for Rana temporaria tadpoles.
Effect of anti-thyroid s u b s t a n c e s . It is already known that the addition of th or thiouracil to the tadpole medium will delay or prevent metamorphosis (Gordon, Goldsmith & Charipper 1945) and will cause other changes similar to those seen after thyroidectomy (Allen 1917) . It seemed that Discoglossus tadpoles might be very useful if work of this kind were wanted on a quantitative basis.
In a first experiment, 10-day-old tadpoles were submitted to 1:250,1:500,1:1000 or 1:2500 thiourea until the front legs erupted, or indefinitely. About twenty tadpoles were put on at each dose level in two vessels holding 850 c.c. medium. The results are shown in table 3 and figure 2, from which it will be seen that a complete range of results were obtained. 1:2500 thiourea inhibited metamorphosis slightly for 17/19 tadpoles, as compared with the controls, and completely for 2/19; 1:1000 inhibited metamorphosis in all tadpoles without causing stunting or death; 1:500 slightly, and 1:250 to a greater extent, depressed growth; the latter concentration caused a high death rate in addition to inhibiting metamorphosis.
Similar results were obtained in a second test (figure 3, and table 4) in which a range of concentrations between 1:1000 and 1:2500 were used. In this second test the inhibitory effect of 1:2500 was much greater than in the first. This was possibly due to the thiourea being a different sample, but more likely to increased sensitivity of the tadpoles. A test with thiouracil (figure 4) was carried out at the same time as the second test on thiourea, and gave the unexpected result that 1:1000 thiouracil was only about as active as 1:2500 thiourea. This is the reverse of what is found in mammals (e.g. Astwood 1943) in which thiouracil is several times as active as thiourea. The importance of a single experiment should not be exaggerated, but the result, if confirmed, may be connected with the comparatively low solubility of thiouracil, which was very obvious in making up the solutions for these experiments. With thiourea a 1:50 solution was easily prepared; with thiouracil even 1 : 1000, prepared by boiling, was barely stable. This low solubility may well have decreased the rate at which it was absorbed by the tadpole, and decreased, therefore, the effective margin between rate of absorption and rate of destruction in the body. The data given above suggest that a useful method of assaying anti-thyroid activity on Discoglossus tadpoles could be worked out, but the application of comparative results to mammals would need full consideration of the possible effects of solubility. Tadpoles kept in 1:1000 thiourea (figures 5, 6, plate 1) continued to grow after the controls had all metamorphosed. The large size eventually attained by these tadpoles from test 1 is shown in figures 7, 8, plate 1), in which they are shown alongside partially metamorphosed controls from the next batch of tadpoles. If metamorphosis of the large tadpoles is per mitted by stopping treatment the resulting young toad is considerably larger than normal. Further work on these neotenic tadpoles is in progress.
It is a great pleasure to acknowledge our indebtedness to Mr L. A. Lantz, who provided us with the breeding pair of Discoglossus, and generously gave us most valuable information based on his own experience of feeding and breeding the animals. We are glad to be able to append to this paper a note by Mr Lantz. NOTE B y L . A . L a n t z
The following notes arise from observations made during the last 15 years on Discoglossus in captivity. Circumstances prevented a more systematic study being made, but it is thought that some of the facts noted are of potential interest, now that it is being suggested that Discoglossus might become a valuable laboratory animal.
Material. Some of the material was collected by the author on Port-Cros and Levant Islands near Hyeres, where the species had not previously been recorded, and later also on Corsica. A few Sardinian and Portuguese specimens were obtained from dealers, but many fine and valuable animals are due to the kindness of Mr J. Armitage (1 specimen from Corsica), Gen. M. Berquet (10 specimens from Tunisia), Mr O. Cyren (3 specimens from Morocco), and Mr R. Maxwell Savage (7 specimens from Port-Cros), to whom sincerest thanks are expressed.
Maintenance. The animals are kept in a greenhouse just sufficiently heated in winter to prevent frost, and well ventilated and partly shaded in summer to avoid excessive heat. They are therefore subjected to temperature conditions not unlike those obtaining in the more temperate part of the habitat of the species, as for instance in the mountains of Corsica.
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